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Total carotenoid contents (mostly b-
carotene) and lycopene contents were
measured on the palm and the forearm
(data not shown). It is noteworthy that
the total carotenoid content on the palm
remained the same in the placebo group
but increased in both VitC groups by
31% after 4 weeks. However, the
increase was not significant. Further-
more, different absolute values could be
obtained on other body sites as is known
from carotenoids (Darvin et al., 2005).
All volunteers had to complete a food
frequency questionnaire concerning
their diet, with the focus being on fruit
and vegetables. Overall, the study popu-
lation maintained a balanced nutrition.
No significant differences could be
observed within all study groups over
all visits. In addition, the differences in
VitC uptake through food between the
groups were not significant. The esti-
mated baseline daily intake of VitC with
fruit and vegetables was B76 mg
(SD±40 mg).
Analysis of the initial Raman results at
V1 for all 33 volunteers revealed that
high vegetable intake was associated
with a statistically enhanced carotenoid
content: the total carotenoid content on
the palm was 39% greater in volunteers
who consumed large amounts of vege-
tables. This is well in accordance with
the results of prior studies investigating
dietary effects on skin carotenoids
(Mayne et al., 2010). Nevertheless, no
correlation was found between the diet
and the effects of VitC supplementation.
Although the analysis of TEMPO radi-
cal scavenging did not determine the
total antioxidant capacity, it seems to be
a suitable noninvasive method for mea-
suring skin antioxidants. In conclusion,
orally administered VitC increased the
radical scavenging capacity of the skin.
The effect occurred fast and was
enhanced with higher doses of VitC,
which was not significant. This feasibil-
ity study shows that the EPR method is
able to detect the uptake of moderate
VitC but further investigations should be
carried out.
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TO THE EDITOR
Long-term exposure to UV radiation
induces photoaging. The balance
between extracellular matrix (ECM)
proteins and matrix metalloproteinases
(MMPs) is thought to have a main role in
wrinkle formation (Fisher et al., 2002).
UV significantly induces at least three
types of MMPs, namely MMP-1, MMP-
3, and MMP-9, in human skin in vivo
(Quan et al., 2009). Interstitial
collagenase (MMP-1) initiates the
degradation of type I and III fibrillar
collagens, and then further degradation
is followed by MMP-3 (stromelysin-1)Abbreviations: ECM, extracellular matrix; MMP, matrix metalloproteinase
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and MMP-9 (gelatinase B) action. In
rodents, MMP-13 (collagenase-3) sub-
stitutes the role of MMP-1 (Vincenti
et al., 1998).
Mast cells are resident in tissues
throughout the body, but are most pre-
valent at sites that are exposed to the
environment, such as skin, airways, and
gastrointestinal tract. In particular, the
number of mast cells in sun-exposed
skin is higher than in truncal skin
(Janssens et al., 2005). Previously, we
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Figure 1. Ketotifen inhibited UV-induced wrinkle formation and mast cell increases in hairless mice. Female hairless mice were allocated to six groups (n¼ 6 per
group): control saline-injected group, ketotifen-injected group, saline-injected UV-irradiated group, and three doses of ketotifen-injected UV-irradiated groups
(low-dose group, 0.08 mg kg1; intermediate-dose group, 0.4 mg kg1; high-dose group, 0.8mg kg 1). UV exposure (three times per week) started with
28 mJ cm2 at the first week and then increased by 28 mJ cm2 at each week for the next 11 weeks (Kim et al., 2005). A Waldmann UV-800 (Villingen-
Schwenningen, Germany; wavelength peak at 310–315 nm) with a Kodacel filter (Kodak, Rochester, NY) for ultraviolet C elimination was used. (a) Replicas were
taken from the central dorsum of a mouse at 11 weeks. (b) Mouse skin samples were stained with hematoxylin and eosin (H&E). (c) Epidermal thickness was
measured as a mean value in three different images on the same slide at 20mm regular intervals from the granular layer to the basal layer, using image analysis
software (BMI plus; BumMi Universe, Kyungki, Korea). (d) Dermal thickness was measured as the distance from the epidermal–dermal junction to the dermo-
subcutaneous fat layer. (e) Mast cells in formalin-fixed paraffin-embedded mouse skin were identified by Alcian blue staining. (f) Mast cell numbers were counted
in three different horizontally adjacent fields per skin sections with an area of 400,000mm2. (g) Degranulation of mast cells in mouse skin was semiquantitatively
evaluated in three different, horizontally adjacent, high-power fields per section using a five-point scale (0–4). The bars represent the means±SEM (n¼6 per
group), wPo0.05, compared with the normal control; *Po0.05, compared with UV irradiation control.
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have demonstrated increased mast cell
numbers and tryptase expression after
UV, infrared radiation, or heat
stimulation in human skin (Kim et al.,
2009). Although the aforementioned
study showed the potential biological
role of mast cells after sun exposure,
precise evidence that mast cells directly
contribute to photoaging process has not
been elucidated yet.
To determine the contribution of UV-
induced mast cell activation on wrinkle
formation, we assessed the effects of
ketotifen, a well-known mast cell stabi-
lizer, on UV-induced wrinkle formation
in SKH-1 hairless mice. Ketotifen is a
selective and noncompetitive chemical
that stabilizes mast cells by reducing
degranulation and decreasing the release
of various mediators, such as histamine,
leukotrienes, and proteases (Lambiase
et al., 2009). Ketotifen was admini-
strated by intraperitoneal injection for 11
weeks. Chronic UV irradiation markedly
induced skin wrinkles (Figure 1a) as
previously reported. UV-induced
wrinkles developed 6 weeks after UV
exposure, and became thicker and dee-
per with continuous UV exposure. Inter-
estingly, ketotifen treatment obviously
inhibited wrinkle formation induced
by UV irradiation. In a replica ana-
lysis using Skin Visiometer SV600
(CourageþKhazaka Electronic GmbH,
Cologne, Germany), high-dose ketotifen
significantly prevented skin roughness
and smoothness depth compared with
the UV-irradiated group.
Hematoxylin and eosin staining
revealed epidermal and dermal thick-
nesses were significantly increased by
UV irradiation (Po0.05; Figure 1b). In
the ketotifen-treated groups, both epi-
dermal and dermal thicknesses were
decreased in a dose-dependent manner
and showed significant decreases up to
43.9% and 37.8%, respectively, in the
high-dose group compared with the UV-
irradiated group (Figures 1c and d;
Po0.05). To explore the effect of keto-
tifen on mast cells, mast cell numbers
and degranulation were assessed by
Alcian blue staining (Figure 1e). As
shown in Figure 1f, after UV irradiation
mast cell numbers were significantly
increased to 71.4±10.3 from 34.8±
3.9 of nonirradiated controls (2.1-fold
increase). In the ketotifen-treated group,
mast cell numbers decreased in a dose-
dependent manner, and high-dose keto-
tifen significantly blocked mast cell pre-
valence compared with the UV-
irradiated group (50.4±2.5 cells).
Ketotifen also inhibited mast cell degra-
nulation (Figure 1g).
To investigate the effect of ketotifen
on the expression of MMPs, skin sam-
ples obtained after the last UV irradia-
tion were subjected to semiquantitative
reverse transcriptase–PCR. Although
chronic UV irradiation induced signifi-
cantly increased mRNA expressions of
MMP-13 and MMP-9 (Figure 2a), in
ketotifen-treated groups those enhanced
expressions decreased in a dose-depen-
dent manner. This suppression of MMPs
expression by ketotifen can inhibit the
breakdown of ECM proteins in chronic
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Figure 2. Ketotifen suppressed UV-induced matrix metalloproteinase (MMP)-13 and MMP-9 expression. Skin samples were taken at 11 weeks, and total RNA
was extracted from biopsied skin samples. (a) The mRNA expression of MMP-13 and MMP-9 was determined by semiquantitative reverse transcriptase–PCR.
(b) CD45-positive leukocytes were counted in three different, horizontally adjacent fields (original magnification,  200), and the data are expressed as mean
numbers±SEM (n¼ 6 per group). HPF, high-power field.
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UV-irradiated skin, resulting in the
inhibition of wrinkle formation. More-
over, ketotifen significantly reduced
UV-induced infiltrations of CD45-
positive inflammatory cells in a similar
dose-dependent manner (Figure 2b).
In the present study, ketotifen pre-
vented wrinkle formation in chronic
UV-irradiated mice. Although photoa-
ging model using hairless mice shares
many aspects of chronic solar damage
in humans, wrinkles in mice differ from
those in human for their acute nature
and species differences (Benavides
et al., 2009). We believe that the
decrease of mast cell activation by
ketotifen possibly prevents UV-induced
chronic inflammation and contributes to
the inhibition of UV-induced wrinkle
formation in the skin. Mast cells
produce a diverse array of biologically
active mediators under stimulated con-
ditions, including preformed granule-
associated mediators, newly generated
lipid mediators, and various cytokines
and chemokines (Beaven, 2009). Many
of these products are regarded as pro-
inflammatory mediators that can elicit
features of acute or chronic inflammation.
Histamine, which is a predominant
component in the cytosolic granule of
mast cells, can induce MMP-9 pro-
duction in human primary keratinocytes,
facilitate immune cell migration across
the basal lamina in the skin, and
promote type IV collagen degradation
(Gschwandtner et al., 2008). In addition
to histamine, tryptase, a specific
protease of mast cells, is regarded as
an important mediator involved in
inflammation and ECM remodeling.
Recent studies suggest that tryptase
may stimulate neutrophil infiltration
(Hallgren and Pejler, 2006), direct
degradation of type I and IV collagens,
and activation of MMPs (Iddamalgoda
et al., 2008). As shown in the present
study, ketotifen successfully inhibited
and retarded the skin aging processes.
Perhaps ketotifen could prevent the
degradation of ECM proteins and
basement membrane proteins in photo-
damaged skin by suppressing the
increases of local mast cell numbers
and release of active mediators in the
irradiated skin. Possible mechanisms of
action of ketotifen might include modu-
lation of stem cell factor, chemokines/
cytokines such as CXCL12 and IL-33
(Galli et al., 2008; Ullrich and Byrne,
2012), and corticotropin-releasing
hormone (Ito et al., 2010), which are
known to regulate mast cell proliferation,
migration, survival, and growth. Its H1
anti-histamine and leukotriene antagonist
properties might have an additional role
in the photoaging process. Further investi-
gation is needed to determine the main
factor of mast cell-derived mediators on
skin wrinkle formation.
In summary, the mast cell stabilizer,
ketotifen, significantly prevented UV-
induced wrinkle formation, UV-induced
skin thickness, and UV-induced
increases in mast cell numbers and
degranulation. In addition, ketotifen
inhibited UV-induced expressions of
MMP-13 and MMP-9, as well as inflam-
matory cell infiltrations, in a dose-
dependent manner. Although the
dosages used in the present study may
represent higher concentrations than
those for humans, this study provides a
proof-of-concept evidence on the
preventive effect of ketotifen on
wrinkle formation. These results suggest
that the activation of mast cells by
UV irradiation participates in wrinkle
formation, ECM proteins modification,
and inflammation in UV-exposed skin.
Here we suggest that the mediators
from activated mast cells may contribute
to chronic skin inflammation by UV
irradiation and provide the concept
of targeting dermal mast cells for
anti-wrinkle formation and anti-aging
strategies.
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